The purpose of this paper is to investigate the validity of short sale hypotheses the NYSE and NASDAQ in the period 1990 -2015. Short has been regulated in the U.S. market since the 1930s by so-called up-tick rules and other legal acts. The aim of this regulation was to prevent short sellers from adding to the downward momentum when the price of an asset was already experiencing sharp declines. During the 1990s, short sale regulations changed several times. In this paper, panel regression is applied to investigate short sale determinants on the NYSE and NASDAQ. Short seller motivation and the results are compared with those for particular markets and sub periods that represent different legal regulations of short selling activities in the period from 1990 to 2015.
INTRODUCTION
Short selling allows traders to borrow and sell a stock without actually owning it. To close a short position, traders must buy back the stock in the future and realize gains or losses based on the difference between the selling and buying price. Advocates of short selling offer several benefits, such as efficient pricing in stock markets or the incorporation of negative information in prices. Critics of short selling argue that short sellers may hammer a stock's price below its fundamental value. These predatory short selling practices are one of the reasons why short selling was prohibited or limited several times.
In the past two decades, there has been an increase in short selling activity in the equity market. In the NYSE and the NASDAQ, from 1988 to 2002, the annual growth rate of short interest in both equity markets was more than 20 % per year (Kot, 2007) .
Using short selling data from 1990 -2015 from the NYSE and NASDAQ, the aim of this paper is to investigate determinants affecting the short selling level and whether there is any difference in short-sellers' motivations among different short selling regulatory environments.
The paper aims at empirically assessing determinants of short sales within different legal environments. The investigation is aimed at the following fields: which factors affect the short interest level and how they differ in particular markets; and are there any differences if a legal environment changes?
Related Literature
The investors' motivations for short selling are summarized in four hypotheses-Trend Hypothesis, Overpricing Hypothesis, Arbitrage Hypothesis and Taxation Hypothesis (currently) with minor importance. A number of studies exist on short selling in recent years that lead to different fields. An examination of the Overpricing Hypothesis as a reason for a short sale can be found in the following studies: Dechow et al. (2001) , Desai et al. (2002) , Boehmer et al. (2013) and Asquith et al. (2005) . These authors investigate the relation between short sale restrictions and stock prices. Trend Hypothesis as a motivation for a short sale is investigated, e.g., by Jagadeesh and Titman (1993) . Brent et al. (1990) and Arnold et al. (2005) deal with Arbitrage Hypothesis.
Trend Hypothesis (1) (also known as Following the Trend Hypothesis), according that short sellers close their positions if the stock prices have increased short term in the past, is the basis of the findings of Jagadeesh and Titman (1993) . They demonstrate that stocks with a high (low) rate of returns at the horizon from three to 12 months repeat this high (low) rate of return at the horizon of the next three to 12 months.
Overpricing Hypothesis (2) expects that investors have inside information. When they expect that the stock is overpriced, short selling is a way to capitalize it. Diamond and Verreichia (1987) point out that a short sale is an expensive transaction and short sellers trade only if they expect that the price will significantly decrease as a compensation for these costs and risks. Dechow, et al. (2001) emphasize the relation between the low level of fundamental factors and the level of short selling. The aim of these studies is to analyse the information's contents on short selling and suggest trading strategies based on the information intercorporate in short selling.
The Arbitrage Hypothesis (3) argues that short sellers participate in overpricing between a stock and convertible security. A high correlation between an instrument and an instrument that is going short is demanded. And (4) Taxation Hypothesis only has a limited impact on short interest nowadays because of the elimination of opportunity to defer capital gain tax if an investor is shorting securities. (Arnold et al., 2005) . Brent et al. (1990) , Dechow et al. (2001) , Angel et al. (2003) , Desai et al.(2002) or Kot (2007) and Kot (2014) may be referred to as the main authors that deal with short selling determinants. Brent et al. (1990) analyse short selling motivation based on three of the above-mentioned hypotheses. They find that short interest follows a seasonal pattern that is weakly consistent with the Taxation Hypothesis. Further stocks with high betas and the existence of convertible securities or options tend to have a higher level of short interest. Dechow et al. (2001) document that short sellers open positions in the stock of firms with low ratios of fundamentals (such as earnings or book value) to market value and close their positions at the ratios mean-revert. They also point out the importance of transactions' costs in the decision-making process of short sellers. Angel et al. (2003) examine the frequency of short selling in stocks listed on NASDAQ and analysed stock characteristics. They get that a short sale is more common among stocks with high returns than stocks with weaker performance, and further actively traded stocks are more shorted. Short selling also depends directly and positively on stock price volatility. Desai et al. (2002) examine the relationship between the level of short interest and stock return on NASDAQ. They found out that heavily shorted stocks experience significant negative abnormal returns with respect to market, size, book-to-market and momentum factors. The higher level of short interest is a stronger bearish signal. Kot (2007) finds that a short-selling activity is positively related to arbitrage opportunities and hedging demand, and negatively related to previous short-term returns. Deev and Linnertova (2014) analysed short selling activity with ETFs because ETFs short interest is 10 times higher than short interest with common stocks. They determine several long-term stable characteristics of ETFs that contribute to the total level of short interest.
Recent analysis of the short sale is focused on analysis of short sale constraints. This topic became important during the financial crisis when governments temporarily reaccepted short sale limitations, which had been relaxed during the previous 20 years. For example, Mohamand et al. (2015) investigate the ban on the short selling of specified financial-sector stocks in September 2008 introduced by the UK's Financial Services Authority. Grullon et al. (2015) investigate the impact of Regulation SHO that relaxes short-selling constraints on a random sample of U.S. stocks to test whether capital market frictions have an effect on stock prices and corporate decisions. Hasan et al. (2015) investigate whether a such selling activity before the 2008 short ban reflected financial companies' risk exposure in the subprime crisis. Duong et al. (2015) examine the impact of a market-wide mandatory disclosure policy on short selling on the Tokyo Stock Exchange.
Short Sale Regulation
After the Wall Street crash in 1929, many laws were passed to restrict short selling. On October 1931, the NYSE prohibited short selling at a price lower than a pre-previous short sale price. The uptick rule specifies that a stock can only be shorted at a transaction price that is at least one tick higher than the price of the most recent trade with a different price. On February 1932, another restriction was adopted, when brokers were required to obtain written authorization of a customer before lending their shares. The regulation was later imposed on other market subjects such as mutual funds, e.g., the Taxpayer Relief Act. In 1938, the SEC adopted an uptick rule and in 1940, the Investment Company Act was adopted to restrict mutual funds' ability to short. In 1997, the Taxpayer Relief Act repealed the short sale rule and the market timing ability of mutual funds increased significantly. The changes of short selling regulations were followed by a period of market strength and rapid trading. Under the SHO Regulation program, 1,000 stocks started trading without short sale price tests in May 2005. This test exception was extended for several times and existed till 2007, when the uptick rule was removed by the SEC.
But in response to the financial crisis, the SEC adopted a temporary emergency rule to stop naked short selling in 2008 for major financial firms, and later, the SEC added a new temporary rule to regulate the short sale. The short selling ban expired on October 2008, and in February 2010, the SEC adopted a new rule to put restrictions on short-selling activities. This alternative uptick rule restricts short selling from driving down the price of a stock when the stock has already declined by more than 10 % in one day. The relevant changes for the period 1997-2015 in short selling regulation in the U.S. market are summarized in Tab. I.
Data and Methodology
The data used in this paper is gathered from Bloomberg and represents monthly observations of the NYSE and NASDAQ from January 1990 to December 2015. As the short sale was differently regulated at that time, the whole period is, for further analysis, split up into several sub periods representing different regulatory frameworks.
• Period I: 1990/01-1997/08 • Period VI: 2010/03-2015/12 the SEC approves alternative uptick rule designed to restrict short selling from furthers driving down the price of a stock that has dropped more than 10 % in one day To investigate the motivation of short sellers, several variables were constructed to be complied with the above-mentioned short sale hypotheses.
Short interest is defined as a short selling ratio (SIR) and represents how many days it will take short sellers to cover their positions:
SIR i
Total number of shares i selling short Average daily t = r rading volume of i
Cumulative return (RETURN) is calculated as:
RETURN i Current Priceof Security i Original Priceof Secu
The variable is lagged 12-months to proxy short-term stock returns. If investors are trend-followers, they will buy the stock if the past short-term price is increasing and sell or short if the past short-term price is decreasing. Short-sellers close positions if the stock prices increased in the past short-term and open positions if the prices decreased in the past short-term.
Excess return ALPHA is calculated because of the same reasons, but it reflects the systematic risk of a stock. The variable is lagged 12months to record the activities of trend followers. 
21/07/2008
Temporary ban of naked short selling for financial firms was adopted
17/09/2008
Short sale ban was widened for 797 stocks and another temporary rule for limitation of naked short selling was adopted by SEC. The short-selling activities of option market makers were limited.
24/02/2010
Alternative uptick rule was introduced Source: Author
Where: Xj ... is the vector of percentage differences of a market (market index j) Yi ... is the vector of percentage differences of a dependent security (equity i) Ni,j ..is the total number of percentage difference points βi .... measures systematic risk of a security Two fundamentals variables are used as a proxy for the probability of overvaluation. Dechow at al. (2001) find a strong relation between the short sellers' activity and low fundamental ratios. Bookto-market ratio (BTM) and Earnings yields (ETM) are used to demonstrate overpricing motivation for opening short positions. The variable volatility VOL is also used to measure overpricing. The more volatile stocks are more likely overpriced. Market capitalization (logarithm) CAP can be used as a proxy of information transparency. The stocks with higher information transparency better reflect intrinsic value and are less likely overpriced and shorted.
The Hedging and Arbitrage Hypothesis is a measure by the number of call (variable CALL) and put (variable PUT) options. An option listing has a positive and negative effect on short selling. Shares are sold short to hedge option positions in the stock or to arbitrage the difference between the price of options and underlying stocks. In a situation the option has a positive effect on the short-sale level, options are a substitute for short selling. If investors want to profit from decreasing stock prices, they can short sale the stock, buy a put option or sell a call option. These three methods have the same purpose. The existence of an option can have a positive or negative effect on the short sale level.
Borrowing costs are measured by three variables. The market capitalization (logarithm) CAP is a proxy for borrowing costs because large stocks have lower borrowing costs than smaller stocks D'Avolio (2002), Geczy et al. (2002) . Institutional ownership is an alternative measure of the borrowing costs as well. Market capitalization can be also used as a proxy for an overpricing hypothesis. The stocks of large cap companies less likely differ from their fundamental values. The IN_NO is defined as natural logarithm of 1 plus the number of institutional holdings the stock ( Chen et al. (2002) , Asquith et al. (2005) , Nagel (2005) , Kot (2007) , Kot (2014),) . IN_RATIO is a share of the number of shares hold by institutional investors to shares outstanding. Both variables could have a positive relation with the short interest ratio. Liquidity can also be used to measure borrowing costs. More actively traded stocks are more often short sale than stocks with limited trading volume and wider spread (Angel et al. (2003) ). Liquidity is measure by the bid ask spread SPREAD. Focusing on short interest, the short positions are larger on the NYSE compared with NASDAQ. The maximum shares sold on the NYSE reached 30,000,000 million in the analysed period, on the NASDAQ, approximately 8,000,000. On the other hand, SIR is higher on NASDAQ than the NYSE. It means that short sellers may close their open short positions faster on the NYSE than on NASDAQ.
Tables II and III report the correlation among variables. On the NYSE, a higher correlation is measured between SIR and four other variables, which indicates that SIR is lower if a call or put option is available and also for large capitalization companies. SIR also decreases with the number of institutional investors. On NASDAQ, SIR correlates with three variables. SIR is lower for large cap companies but higher for stocks with higher institutional holdings and spread.
Panel Regression
The relationship between SIR and independent variables is investigated by the panel regression model with fixed effect. The fixed effect model was chosen based on the results of the Hausman test.
Due to a high correlation between CALL and PUT, only one of them is in the regression and in the total there are two models of the regression analysis. Where SIRit measures short interest ratio of security i at time t. 
Definitions of variables and their expected impact on the short interest level are summarized in the following table (Tab. IV). The variables are backed by a particular hypothesis.
Results of Panel Regression
Tab. V and Tab. VI demonstrate results for the full sample. On the NYSE, the average short interest ratio reaches 3.93 days and average short interest represents 14.01 million shares monthly. At the same time, NASDAQ's short interest ratio is two times higher (7.37 days) but monthly there are only 5.8 million shares shorted on average. The other variables are very similar for both markets, only the NYSE is more volatile than NASDAQ (average monthly volatility reaches 237.96 % compared with 33.70 % on NASDAQ). NASDAQ is riskier for short selling, and short squeeze risk is higher on this market than is indicated by high short interest ratio and low short interest at the same moment. A short interest ratio lower than seven days (Seneca (1976) ) is considered a threshold.
On the NYSE, short sellers prefer stocks with a positive last 12-months' performance, a low bookto-market ratio and low market capitalization. The institutional ownership is also important for short sellers and has a positive impact on the short sale level. The last 12months' return and the fraction of shares held by institutional investors are the strongest determinants of short sale activity on the NYSE, with a power of 2.47 and 2.83 days, respectively. A positive sign of the RETURN coefficient indicates that short sellers short stocks if the past short-term performance is good. This evidence is inconsistent with momentum strategy (Jagadeesh and Titman (1993) , Kot (2007) , Kot (2014) ) and short sellers expect, rather, overpricing of these stocks and a change in the trend than a continuing trend in the near future. This corresponds with Angel et al. (2003) , who find the same finding on NASDAQ. The results are also consistent with the findings of Dechow et al. (2001) about the negative sign for market capitalization and the book-to-market ratio. The Overpricing Hypothesis claims short sellers prefer to short low fundamental-to-market ratio stocks. This also indicates that stocks or small-cap companies are more likely overpriced and, therefore, more suitable for short sale. Further, results also suggest that short sellers take into consideration borrowing costs. On NASDAQ, the importance of market capitalization and institutional ownership is stronger than on the NYSE, as both institutional holdings variables are statistically significant.
Sub-period analysis is demonstrated in Tab. VII for the NYSE and Tab. VIII for NASDAQ. The first period, from 1990 to 1997/08, represents the strong regulation of short sale activity by the existence of the uptick rule and other limitations of short sale, especially for institutional investors. The average level of short interest ratio gets 5.66 days on the NYSE and 3.25 days on NASDAQ, but the average number of short interest is similar on both markets and reaches approximately 10 million shares monthly. The NYSE is also a more volatile market than NASDAQ (30 days volatility is 242.3 % and 52.7 %, respectively). On the NYSE, only the number of put options determines the short sale level with a negative sign.
On NASDAQ, more statistically significant results can be found for this period. The abnormal return ALPHA is statistically significant with a negative sign. This indicates that short sellers look up this variable for a trend measure. The negative sign of a coefficient indicates short-sellers trade the stocks based on the past trend-it means that they buy if the past return was good and short or sell stocks if the past short-term excess return was bad. The finding is consistent with a momentum strategy. The short sellers also target less volatile stocks, which is against the Overpricing Hypothesis, but it supports the idea that short sellers do not open a short position if they are not able to predict the future tendency of a performance. Thus, more volatile and risky stocks are less likely to be shorted.
Period II represents the releasing of short sale regulations. The first exception was imposed on the mutual fund industry. Short interest ratio achieves 4.65 days on the NYSE and 4.07 on NASDAQ. On both markets, approximately 11.5 million shares are shorted monthly. On both markets, following the Trend Hypothesis is confirmed by a negative sign of the excess return variable. Market capitalization is another determinant that influences the short interest ratio on both markets. Its sign is negative and confirms the Overpricing Hypothesis because stocks of small companies are more likely overpriced. The results for other variables are mixed and divided.
Period III constitutes the first sign of a renewed short sale limitation. The first regulation is aimed at so-called naked short selling. The average SIR on the NYSE is 4.05, and 6.78 days on NASDAQ.
Further, it represents 12.48 million and 9.40 million monthly shorted stocks, respectively. Also in this period, short sellers prefer stocks of small companies for short sales-this is demonstrated by a negative sign of the market capitalization variable CAP for both markets and both models. For both markets, a negative sign of earnings yield (ETM) is common as well. This variable has the strongest explanatory power from all significant variables for this period. On Fig. 1 , the beginning of an upward trend in Short Interest on both market in this period is demonstrated, and because of the symptoms of the financial crisis, this indicates the importance of the Overpricing Hypothesis. Short sellers choose stocks with a higher probability of overpricing and a low-to-fundamental ratio. On NASDAQ, volatility is still a significant variable that lowers the total value of the short interest ratio.
Period IV represents the year 2008 and several short sales bans imposed on financial stocks. The short interest ratio is two times higher on NASDAQ (7.88 days) compared with the NYSE (3.54 days), but at that time, 16.64 million stocks (compare with 9.21 million stocks on NASDAQ) are shorted on the NYSE monthly. On the NYSE, only two variables are reflected in short sale ratio. The previous rate of return is important for short sellers and has a positive impact on the short sale level. Another variable is market capitalization, but beside previous periods, its sign is positive. On NASDAQ, short sellers still prefer stocks of small companies with a positive excess return, low bookto-market ratio and low 30-days' volatility.
The period 2009/01 to 2010/02 paints an unlimited time of short sale. The last short sale ban expired at the end of 2008. On NASDAQ, SIR is still two-times higher than on the NYSE (6.51 day, 3.76 days, respectively), but on the NYSE, monthly shorts approximately 15.8 million shares, on NASDAQ, it is only 7.0 million. On the NYSE, short sellers prefer stocks with a negative earnings yield and stocks of large cap companies. The variable CAP has a stronger impact on the short sale level, compared to in the previous sub-period. The existence of a call or put option also negatively influences the level of the short sale. On NASDAQ, investors prefer stocks with a negative excess return that can be considered overpriced. Further, a low book-to-market ratio, 30days volatility and market capitalization are demanded. The existence of a put or call option decreases the total level of the short sale.
The last period from 2010/03 to 2015/12 means alternative ways of short sale regulation with adopting of a new uptick rule. On the NYSE, the past rate of return and past excess return influence the level of short sale. Next, short sellers choose shares with low book-to-market value and low capitalization. Institutional ownership is also relevant for the level of the short sale. On NASDAQ, short sellers are focused only on the excess return. However, book-to-market is positive on this market. They also prefer stocks with low 30-days' volatility, low market capitalization and significant holdings of institutional investors. Existence of both types of option decreases the short interest ratio on NASDAQ as well. Finding about the impact of call option existence is against the expectation of the Arbitrage Hypothesis, as Brent et al. (1990) and Danielsen and Sorescu (2001) show, options facilitate short selling activities. This could suggest that option is an alternative instrument for short selling that is cheaper and less risky. In this situation, the option might be considered to be a substitute of a short sale and, thus, lower the level of the short sale.
Results for particular sub-periods are different for the NYSE and NASDAQ. The level of short sale ratio is positively influenced by the previous performance of stocks and results are stronger in periods of short sale regulation, such as 2008/01-2008/12, where several emergency rules were adopted, and 2010/03-2015/12, when the alternative uptick rule was adopted. The fundamental ratio earnings yield negatively influences the level of SIR. This is consistent with the Overpricing Hypothesis as found by Dechow et al. (2001) . Call options decrease the short sale level, which is against expectations, and the Arbitrage and Hedging hypothesis can support the idea about the costs of short selling. The last statistically significant variable is market capitalization CAP. The impact of this variable is mostly negative, which indicates that short sellers prefer stocks of small cap companies for shorting. This rule only changed in the period from 2008/01 to 2008/12, when short sale was banned for several stocks, and in the following period.
On NASDAQ, excess return ALPHA is statistically significant in all periods. A negative sign of this variable indicates the overpricing of stocks used for short sale. Only in the period of short sale limitation, with several temporary bans, does the sign of this variable change from negative to positive. Fundamental ratio book-to-market is statistically significant, but its impacts vary over time. Compared with results for the NYSE, the volatility is statistically significant in all periods and decreases the total SIR. As well as on the NYSE, the short interest ratio is higher for small cap companies. Short Interest Ration SIR The total number of shares an investor has sold short divided by the average daily trading volume for a specific time period. This is also called the 'days-to-cover ratio' because it tells, given the stock's average trading volume, how many days it will take short sellers to cover their positions if positive news about the company lifts the price.
Cumulative return

RETURN
The performance of a stock over a particular period. 
CONCLUSION
Short selling plays an important role in financial markets. Short selling activity increased significantly in the last decades. The motivation of short sellers is summarized by four hypotheses and borrowing costs must also be taken into account. In this paper, variables that can represent proxies for particular short selling hypothesis are suggested. Further, using data from the NYSE and NASDAQ, these hypotheses are tested during the period 1990-2015. Because in the last decades the short sale was regulated and deregulated several times, this period is spit up based on important changes in short sale regulation. The findings of panel regression are the following. A short sale can be explained by the Trend Hypothesis, suggesting that a short sale is higher for stocks that recorded a price increase in the previous 12 months. The Overpricing Hypothesis, as a motivation by a short sale, was confirmed by fundamental ration book-to-market and market capitalization-when short sellers prefer stocks with a low book-market value and lower market capitalization. Short sale activity is also influenced by the existence of an option. An option indicates a substitute for a short sale. An investigation of borrowing costs confirms that short sellers prefer stocks with higher institutional holdings to shares outstanding and a higher number of institutional investors. On NASDAQ, short sellers measure overpricing by the excess return rather than the cumulative return. The variable's volatility decreases the short sale level but it is only significant on NASDAQ.
The level of short sale ratio is positively influenced by previous performance of stocks and results are stronger in period of short sale regulation, such as 2008/01 -2008/12 where several emergency rules were adopted and 2010/03 -2015/12 when alternative uptick rule was adopted. Fundamental ratio earnings yield negatively influence the level of SIR. This is consistent with Overpricing hypothesis as find Dechow et al. (2001) . Call options decrease short sale level that is against the expectation and the Arbitrage and Hedging hypothesis but can support the idea about the costs of short selling. The last statistically significant variable is market capitalization CAP, the impact of this variable is mostly negative that indicate that short sellers prefer stocks of small cap companies for shorting. This rule only changes in the period from 2008/01 to 2008/12 when short sale was banned for several stocks and in the following period. Overpricing hypothesis as a motivation by short sale was confirmed by fundamental ration book-tomarket and market capitalization. Short sellers prefer stocks with low book-market value and lower market capitalization. Short sale activity is also influenced by existence of an option. Investigation of borrowing costs confirms that stocks with higher institutional holdings to shares outstanding and higher number of institutional investors are preferred. Standard error is demonstrated in parenthesis *, ** and *** indicate significance at the 10 %, 5 % and 1 % level, respectively Source: Author in Eviews
